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Comment on the paper " Search for oscillation of the electron-capture 
decay probability of ^^^Pm" at \arXiv:0807.0649vl 
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It is argued that orbital electron-capture decays of neutral ^''^Pm atoms implanted into the lattice of a solid 
(LBNL experiment) do not fulfil the constraints of true two-body beta decays, since momentum as well as energy 
of the final state are distributed among three objects, namely the electron neutrino, the recoiling daughter atom 
and the lattice phonons. To our understanding, this could be a reason for the non-observation of a periodic time 
modulation in the number of electron-capture decays of implanted neutral '^^^Pm atoms. 



The authors report on a measurement [T] at the 
88 inch LBNL cyclotron of the orbital electron- 
capture (EC) decay probability of ^"'^Pm atoms 
implanted into a metallic matrix (most probably 
in the neutral charge state immediately after im- 
plantation). They found a pure exponential de- 
crease of the number of EC decays per time unit. 
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without a significant periodic modulation of the 
decay curve. This is seemingly in disagreement to 
our findings at GSI 2 for the EC decay of stored 
and cooled hydrogen-like i42pj^58+ JQj^g^ where a 
time modulation with a period of 7 seconds and 
a (normalized) amplitude of about 0.2 was ob- 
served. In searching for possible reasons of the 
diverging results, the authors discuss for instance, 



whether the remaining electrons-in the Berkeley 
case-" could provide a decoherence of the neutrino 
momentum states in the larger phase space of the 
final atomic states after the decay". It is argued 
that this is most probably not the case, since "our 
experiment detected K-shell x-rays, meaning that 
the captured electron was indeed a K-shell elec- 
tron with a similar wavefunction to the hydro- 
genic ions investigated" [at GSI]. 

We have no objections against this reason- 
ing. Moreover, we appreciate the very carefully 
planned and conducted experiment at Berkeley 
as well as its detailed description and interpreta- 
tion. However, we want to emphasize what is in 
our opinion the fundamental difference of an ex- 
periment observing EC decays of implanted neu- 
tral atoms on the one hand, and an experiment 
recording EC decays of 'free' hydrogen-like ions 
(albeit confined by magnetic fields) on the other 
hand. In the former case we have not a true two- 
body decay, since in the final state momentum 
as well as energy are distributed among three ob- 
jects, the electron neutrino, the recoiling daughter 
atom (recoil energy of about 90 eV for the daugh- 
ter atom ^'*^Nd) and the lattice phonons. The 
recoil energy of the daughter atom has a distri- 
bution, which is only on an average equal to the 
recoil energy of the free case. This means that 
also the neutrinos have the corresponding energy 
distribution and are therefore not mono-energetic 
as in the 'free' decay. 

We addressed this point already in the last sen- 
tence of our paper [2]: "Finally, an interesting 
case arises when the decaying nucleus is not free 
but couples to the full phonon spectrum in the 
lattice of a solid" . Indeed, only for a true two- 
body EC-decay as, for instance, from the ground 
state of a stored hydrogenic parent ion to the 
ground state of its bare daughter ion without in- 
volving a third object, a strict entanglement ex- 
ists concerning momentum and energy of the neu- 
trino mass eigenstates on the one hand, and of the 
corresponding recoiling nuclei on the other hand. 
We discussed this point on p. 167, third para- 
graph, of [2j. 

Neither at Berkeley nor at GSI the generated 
neutrinos are directly observed. In both experi- 
ments the time of the decay with respect to the 



generation of the parent atom is precisely deter- 
mined, via the appearance of a characteristic K 
x-ray (Berkeley), or via a sudden change of the 
mass of the stored ion (GSI). We argue that only 
the latter case represents a true two-body beta de- 
cay. Indeed, we get from the precisely determined 
change of the mass the direct, time-resolved and 
complete information at the hadronic vertex, i.e. 
on the transformation of a proton to a neutron, as 
well as at the leptonic vertex, i.e. on the annihila- 
tion of the K-shell electron and, thus, on the gen- 
eration of a neutrino in the electron-flavour eigen- 
state (supposing Icpton number conservation in 
the weak decay). This knowledge could be the 
necessary condition for observing any kind of in- 
terference in those decays. 

It is interesting to note that the observed mod- 
ulation frequency, if indeed due to the interference 
of two neutrino mass eigenstates, corresponds to a 
very small neutrino and, thus, daughter recoil en- 
ergy difference of about 8 • 10~^^ eV. This is much 
smaller than typical phonon energies excited by 
the recoiling daughter nuclei in an aluminum lat- 
tice which are in the order of meV. Thus, the 
modulations could be washed out in a solid envi- 
ronment. The very small energy difference mea- 
sured in the GSI experiment is in the order of that 
expected for the squared neutrino mass difference 
of 10~^ eV^ as pointed out in our paper [2]. 

Concerning almost all other questions men- 
tioned, we fully agree with the authors: A mea- 
surement of the EC-decay of hclium-likc ^''^Pm 
ions should reveal the (probably small) differences 
to the EC-decay of hydrogen-like ions (such time- 
resolved measurements are planned, but not yet 
performed). And, without doubt, the outcome 
of the three-body /3+ decay of ^^^Pm is crucial 
for the interpretation of the GSI data. The-not 
simple-evaluation of this data is still in progress. 
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